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Abstract
In the previous paper (Jasiukevicius & Vasiliauskaite, 2015) we have provided the empirically-grounded probability distributions 
(PDs) and their parameters best enable to assess the investment cost overrun risk (ICOR) in public investment projects (PIPs).
From the beginning of 2015, this statistics has been officially applied for ICOR assessment in the public sector of Lithuania as 
well as development of the former ICOR assessment methodology (Methodology) (CPVA, 2014) theretofore based solely on the 
theoretical assumptions. This resulted in changes of the estimating values of not only ICOR estimates, but also therewith related 
intangible obligations (IOs) of the public sector. The purpose of this paper was to provide the assessment of impact of the 
empirically-grounded ICOR methodology on the values of the IOs previously estimated under the theoretical assumptions. For 
this purpose a comparative analysis of both theoretically-based and empirically-grounded ICOR estimates was performed. The 
results disclosed the values of ICOR estimates of land, real estate, construction and equipment as being lower and the estimates 
of services as being higher in the case of application of empirically-grounded statistics. Respectively, this revealed over- and 
underestimation of appropriate IOs prevailed in the past.
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Introduction
For many years, due to a lack of empirically-grounded quantitative risk assessment tools and empirically-
grounded PDs for the critical variables more specifically, the prevailing practice of ICOR analysis has been based 
solely on the theoretical assumptions in the public sector of Lithuania. This determined the calculated values of 
ICOR estimates and therewith related IOs being rather supposed than reflected real practice and historical 
experience of implementation of public capital investments in the country. The uncertainty about real values has 
raised questions about possibilities and validity to use in such a way estimated results for more extensive purposes
than indicative accounting. Since the importance of accurate risk assessment for its efficient management is widely 
acknowledged (Grimsey & Lewis, 2002; Marhavilas, Koulouriotis, & Gemeni, 2011; Taroun, 2014), the prolonged 
problem required practical solutions i.e. concrete PDs and their parameters of which application would allow 
expecting to improve public sector’s abilities to calculate more reality-reflected ICOR estimates as well as would 
provide more clarity about real values of current and planned IOs borne by the public sector.
Looking for possible solutions the literature survey was performed. It revealed that literature is rich in papers 
addressing the problems of accurate risk assessment (Marhavilas, Koulouriotis, & Gemeni, 2011). In most of papers 
it is focused on quantitative risk assessment (Taroun, 2014) by expressing risk in the value estimated at particular 
probability (Mirdamadi, Etienne, Hassan, Dantan, & Siadat, 2013). In this context great attention is also paid to 
ICOR and its problematic aspects of assessment that are inherently related to cost estimation (Jorgensen, 
Halkjelsvik, & Kitchenham, 2012; Okmen & Oztas, 2010; Tang, Wang, & Ding, 2012; Turskis, Zavadskas, & 
Peldschus, 2009), risk factor analysis (Mahamid, 2011; Tamosaitience, Zavadskas, & Turskis, 2013) and risk 
modeling (Chou, 2011; Yang, 2005; Taroun, 2014). Various ICOR assessment techniques and tools from qualitative
ones such as probability-impact matrix (Bowers & Khorakian, 2014; Cox, 2008; Kmec, 2011) till sophisticated 
simulations such as the Monte Carlo analysis (Almarri & Blackwell, 2014; Loizou & French, 2012) are widely 
analyzed. However, although during several decades both theoretical models and computational tools for 
quantitative ICOR assessment have been widely developed (Marhavilas et al., 2011), literature is sparse and 
fragmental in the field of their practical application and empirically-grounded statistics’ provision. Despite our 
efforts, nothing else except summarized data about results to implement PIPs within estimated budget in the UK 
public sector (National Audit Office, 2009) and a few analysis about the features of so-called traditional PDs such as 
normal, triangular, lognormal, beta etc. (Acebes, Pajares, Galán, & López-Paredes, 2014; Chou, 2011; Jiang, Zhang, 
& Ji, 2003; Scherer, Pomroy, & Fuller, 2003) have been found. These results show the existing wide gap between a 
level of analysis of practical problems of ICOR assessment in literature and needs of the practitioners.
Considering lack of practical solutions in literature for more accurate ICOR assessment, in our previous paper
(Jasiukevicius & Vasiliauskaite, 2015) we have taken an initiative to provide empirically-grounded PDs and their 
parameters best enable to assess ICOR in PIPs of Lithuania. This statistics was used to develop the former ICOR 
assessment methodology (CPVA, 2014) and, from the beginning of 2015, have been officially applied for the 
calculation of ICOR estimates and ICOR-related IOs of the public sector. Considering the fact of these values being 
previously estimated under the theoretical assumptions, the purpose of this paper was to provide the assessment of 
impact of the empirically-grounded methodology on the measured values of ICOR-related IOs of the public sector
of Lithuania. For this purpose the present paper aims to answer the following questions: What are the percentage 
changes between the values of ICOR-related IOs estimated under theoretically-based and empirically-grounded 
methodologies? Which of ICOR estimates and therewith related IOs have been previously underestimated or 
overestimated respectively? To answer these questions, the research methods such as statistical analysis and 
comparative analysis have been used. The paper consists of following parts: 1) short presentation of application of 
probability to assess ICOR; 2) description of the methodology used for the performed analysis; 3) analysis of results.
Finally, the paper is finished with the conclusions.
1. Introduction to application of probability to assess ICOR
A task to accurately assess investment costs (ICs), due to various possible uncertainties in the future, can be very 
complicated. Many factors can cause deviations from the initial prognosis, due to which actual ICs may differ from 
the expected ones in either an adverse or a favorable direction (Fischer, Leidel, Riemann, & Alfen, 2010; Ke, Wang, 
372   Linas Jasiukevicius and Asta Vasiliauskaite /  Procedia - Social and Behavioral Sciences  213 ( 2015 )  370 – 375 
Chan, & Cheung, 2011). According to theory, these potential values can be coherently arranged in PD and, based on 
the observed tendency, ICOR estimates can be calculated at the desirable, usually 70% (Mirdamadi et al., 2013),
probability level. However, in practice usually there is lack of available adequate statistics based on which it could 
be possible to shape reality-reflected PDs used as a reference for ICOR estimation. Under these circumstances other 
two options such as theoretical assumptions and/or experts’ opinions are left. But their application can make plenty 
of space for subjectivity. In the first case, experts, using personal experience, tends to underestimated risk (Veres, 
2009), rarely can identify 60% of possible uncertainty range and usually never did better than 70% (Capen, 1976).
While in the second case the application of theoretical assumptions can oversimplify or distort a simulated reality 
causing the problems of results’ reliability. On the other hand, theory cannot be ignored. At least one of the 
assumptions is irrefutable that in estimation of ICs there is a logical lower boundary of uncertainty, i.e. ICs cannot be 
negative. Therefore, for the ICOR estimation it is discouraged to employ PDs that contain simulated values less than 
zero (Jiang et al., 2003). Accordingly, the family of logarithmic PDs, due to their properties, could be recommended.
As an example, loglogistics (3 parameters) PD was found as the most suitable for calculation of ICOR estimates in 
the case of public sector of Lithuania (Jasiukevicius & Vasiliauskaite, 2015). However, the estimators are free to 
choose PDs depending on specific requirements. The lower is distance between the chosen cumulative distribution 
function of the reference distribution and the expected empirical distribution function of the sample, the more 
accurately ICOR and therewith related values of IOs can be estimated.
In the context of cost estimation and cost-overrun risk assessment, PDs such as normal, beta, triangular, 
lognormal, uniform, etc., are found in literature (Acebes et al., 2014; Chou, Yang, & Chong, 2009; Chou, 2011; 
Jiang et al., 2003). However, there is lack of indicative statistical parameters provided which could facilitate their 
practical application. Therefore, in the same context also the relevance of empirically-grounded statistics provided in 
our previous working paper (Jasiukevicius & Vasiliauskaite, 2015) reveals. Alongside PDs and their parameters best 
enable to assess ICOR experienced in the public sector of Lithuania, it also provides detailed methodology which 
could be used as the appropriate guideline for other similar analysis to find empirically-grounded statistics for ICOR 
assessment. These findings provided a basis for the analysis performed in this paper.
2. Research methodology
To accomplish the purpose of the paper, the comparative analysis of theoretically-based and empirically-
grounded ICOR estimates, their values are also recorded as IOs of the public sector, was performed. ICOR estimates 
have been calculated for every of 7 the main cash flows of investments marked in accounting plan of the ICOR 
assessment methodology (CPVA, 2014). The calculation of empirically-grounded values was based on the findings
detailed presented in our working paper (Jasiukevicius & Vasiliauskaite, 2015), while theoretically-based ones on
the theoretical assumptions existed in the former version of methodology (CPVA, 2013). In both cases, 70% of 
probability level was used. Applied PDs and their parameters are provided in the 1 table.
Table 1. Distributions and their parameters applied for the calculation of ICOR estimates
Group Cash flow of investments
Based on the theoretical approach Empirically grounded
Dist. Parameters Parameters of LogLogistics (3P)
A1 Land Triangular a = 0,8; c = 1 = X ; b = 
2
Į ȕ 0,30732;
Ȗ 0RGH  = X
A2 Real estate Triangular a = 0,8; c = 1 = X; b = 2 Į ȕ 0,30732;
Ȗ 0,74111;Mode = 0,9299 = X
A3 Construction, major and other repairs Triangular a = 0,9; c = 1 = X; b = 2 Į ȕ 0,32927;
Ȗ 0,74202; Mode= 0,92827 = X
A4 Equipment and machineries and 
other assets
Normal µ = 0 = Xı µ * 50% Į ȕ 0,28554;
Ȗ 0RGH  = X
A5 Projection, technical maintenance 
and other services related with 
investment into A1: A4, (A5 and A7)
Normal µ = 0 = Xı µ * 25% Į ȕ 0,25464;
Ȗ 0RGH  = X
A6 Reinvestments (A3 and A4) Triangular a = 0,9; c = 1 = X; b = 2 Į ȕ 0,30981;
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Ȗ 0RGH  = X
A7 Other services Normal µ = 0 = Xı µ * 25% Į ȕ 0,23155;
Ȗ 0RGH  = X
As a basis for the comparison, monetary equivalent of value 1 was used for which, based on appropriate statistics, 
both theoretically-based and empirically-grounded ICOR estimates have been calculated. The results of comparison 
were expressed by percentage change.
For the calculation of the theoretically-based ICOR estimates, 2 different PDs such as normal and triangular 
have been used in the former methodology (CPVA, 2013). Their attribution to appropriate groups of investments as 
well as determination of the parameters has been based on experts’ opinions. However, any documents in which 
reasoning of these results would be provided have not been found. Therefore, the used theoretically-grounded 
statistics was accepted as a factual inputs and its validity were not further analyzed in this paper.
3. Results
Table 2 presents the results of the comparison of ICOR estimates. They disclosed the values of ICOR estimates 
of land, real estate, construction and equipment as being lower and the estimates of various services related to 
investments as being higher in the case of application of empirically-grounded statistics. Accordingly, this revealed
over- and underestimation of appropriate ICOR-related IOs prevailed in the past.
Table 2. The comparison of ICOR estimates
Group Cash flow of investments
Risk estimates* Difference, %
Based on the theoretical 
approach (1)
Empirically 
grounded (2)
(2 - 1) / 1
A1 Land 0,400 0,328 -17,95
A2 Real estate 0,400 0,328 -17,95
A3 Construction, major and other repairs 0,426 0,345 -18,92
A4 Equipment and machineries and other assets 0,262 0,178 -31,97
A5
Projection, technical maintenance and other 
services related with investment into A1-A4, 
(A5 and A7)
0,131 0,308 135,20
A6 Reinvestments (A3 and A4) 0,426 0,290 -31,96
A7 Other services 0,131 0,265 102,15
* - at a confidence level of 70%
Overestimation of ICOR estimates in 5 of 7 cash flows of investments showed the general tendency of 
empirically-grounded ICOR borne by the public sector being lower than it has been assumed before. This has 
resulted in lower amounts of financing the public sector has to potentially secure for coverage of ICOR-related IOs.
Depending on the group of investments, the probable empirically-grounded demand for ICOR financing is lower by 
from a little bit less than 1/6 in cases of land and real estate to nearly 1/3 in case of equipment and machineries in 
comparison with the values estimated under theoretical basis. The only exception for general tendency is ICOR 
estimates related to investments of various services of which the empirically-grounded values are higher more than 
double than it has been assumed. These results revealed huge underestimation existed in the past as well as disclosed 
the higher actual demand for potential financing to cover IOs raised form these groups of investments.
Due to lack of information about the arguments used for reasoning of the theoretical assumptions, the reasons of 
estimated differences between the values of theoretically-based and empirically-grounded ICOR estimates are 
impossible to explain objectively. Therefore, this paper confines by the comparative analysis and is not going into 
the subjective discussion for this question.
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Conclusions
Although theoretical model and computational tool for ICOR assessment is widely developed, their application, 
due to a lack of available reality-reflected statistics, is complicated in practice. Considering the same problem in the 
estimation of ICOR-related IOs of the public sector of Lithuania, in our previous paper we have provided the 
empirically-grounded statistics. These findings gave possibility to assess the impact of application of this statistics 
on the values of ICOR-related IOs, their calculation theretofore has been based solely on the theoretical 
assumptions.
The comparative analysis disclosed the empirically-grounded values of ICOR estimates of land, real estate, 
construction and equipment as being lower by from one-sixth to one-third respectively and the estimates of various 
services related to investments as being higher than double in comparison with theoretical ones. Respectively, over-
and underestimation of appropriate ICOR-related IOs prevailed in the past can be confirmed.
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